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The present invention concerns a method for detecting the presence of a catalytically acrive ribozyme in a medium. The detection of 
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DETECTION OF BIOMOLECULES 



FIELD OF THE INVENTION 

The present invention concerns a method and kit for the detection 
of :hc presence of catalytically active ribozymes in a medium. The method 
and kit of the invention may be useful within the framework of a method 
5 and kit for the detection of the presence of specific biomolecules in a test 
sample. 

BACKGROUND OF THE INVENTION 

Detection of the presence of specific biomolecules, such as DNA 
10 or RNA sequences, proteins, antigens, antibodies, etc., in a sample is 
required for a variety of experimental, diagnostic and therapeutic purposes. 
A multitude of assays are available for detecting proteinaceous biomolecules 
such as gel electrophoretogram, HPLC, affinity chromatography, as well as 
other assays which are performed by use of an appropriately labelled probe. 
15 While such assays are satisfactory where the proteinaceous biomolecule to 
be detected is present in sufficiently large quantities, they are at times not 
sensitive enough to allow detection of minute quantities of biomolecules. 
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hybridization to a: specific nucleic .rid sequence (and possibly also to 
specific proteins), and . catalytic region which gives the ribozyme the 
activity of cleavage, ligation or splicing. Each class of ribozymes cleaves 
. different sequence of nucleotide, using a distinct mechanism of action. 
5 Each class is further distinguished by the number of nucleotide bases that 
are essential for its catalytic activity and by the degree of the specificity of 
the ribozyme and the target sequence (Robert H. Simons. Annual Review 
of Biochemistry, 51, pp. 641-671, (1992)). 

It has recently been proposed to use ribozymes in order to treat 
10 diseases or genetic disorders by cleaving a target RNA. such as viral RNA 
or messenger RNA transcribed from genes that should be turned off. This 
method is proposed as an alternative .o blockage of the RNA tnnscript by 
the use of antisonse sequences. Owing to the catalytic nature of the 
ribozyme, a single ribozyme molecule cleaves many molecules of target 
15 RNA and therefore therapeutical activity is achieved in relatively lower 
concentrations than those required in an antisense treatment (WO 96723569). 

The use of ribozymes for diagnostic purposes has been only 
seldomly mentioned. WO 94/13833 describes a method for detecting 
nucleic acid molecules in a solution by tailoring a specific ribozyme 
20 molecule having two regions, one complementary to the nucleic acid 
sequence to be delected, and the other complementary to a co-target 
molecule bearing a detectable label. The ribozyme is able to specifically 
and reversibly bind both a selected target nucleic arid sequence and to the 
labelled co-target. When both the target and the co-target are bound, the 
25 ribozyme undergoes a conformational change which renders it active and 
able to cleave the label off the co-target, and the free label can then be 
detected. Upon cleavage of the co-target, the ribozyme is able to re- 
associate with an additional co-target, cleaving more label and producing 
more detectable signals. 
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Although the inventors of WO 94/13833 twined their invention 
"amplification of signal" there is actually no amplification in the number 
of xibozymes produced, but rather the reaction is purely an enzymatic 
reaction, wherein the catalytic substance (in this case the ribozyme) cleaves 
the substrate (in this case the co-target) and then disassociate and cleave 
mother substrate. There is no true amplification of the number of active 
ribozyroes involved in the reaction occurs. 

GLOSSARY 

Below is a glossary of terms which are used in the following 
description and claims. However, this glossary should not be considered 
separately and for full comprehension of the various terms and the meaning 
in which these terms have in the context of the invention, the glossary 
should be read in conjunction with the remainder of the disclosure herein. 



Ribozyme - a nucleic add molecule which possesses an enzyme-like 
catalytic acivity. The term "ribozyme" as used in the art generally refers 
to RNA molecules having a catalytic activity although in the context of the 
present invention this term is used to denote a catalyucally active (enzyme- 
20 like) oligonucleotide in general. The ribozyme of the invention may thus 
be an RNA molecule, may be an oligonucleotide comprising dNTPs or 
composed completely of dNTPs and may also comprise a variety of non- 
naturally occurring nucleotides such as IsoG or IsoC 5'-0-(l-thio- 
triphosphale) nudeosites and 5-0-methyl nucleotides. The ribozyme which 
25 may be used in accordance with the present invention may be comprised 
exclusively of nucleic acids as described above or may require a co-factor 
for their catalytic activity. The ribozymes may have a catalytic activity of 
deavtge, ligation, splicing or splicing-out (removml) of oUgonudeotide 
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.cogence. Edition of groups to oligonucleotides, rearrangement of nucleic 
arid sequences, etc. 

A^yed biomolecule - a molecule the presence of which in the test sample 
1, to be detected. It can be an oligonucleotide oi a member of a recognition 
pair such as receptor/ligand. antibody/antigen, lectin/glycoprotein, etc. 

Initiation riboxyme - The ribozyme which initiates the reaction where 
more ribozymes are produced, eventually leading to the generate of a 
detectable label. Where the method of the invention is uaed to detect 
biomolecule.. the initiation ribozyme is part of the detection system (aee 
below), and serves as a reporter for the presence of the assayed biomolecule, 
lince only in the presence of said assayed biomolecules it is cither generated 
or it becomes catalytic^ active. Tne presence of an active initial 
15 ribozyme activates the catalytic system (see below). 

Detection aystem - the combination of molecules and reagents that enable 
the production or activation of a catalytically active initiation ribozyme. 
which serve, as a reporter for the presence of the assayed biomolecule. m 
the test sample. In other words, in the presence of the assayed 
biomolecule,, following a reaction or a cascade of reactions, a catalytocally 
ictivc Initiation ribozyme is eventually generated. The prince of the 
initiation ribozyme is verified in the catalytic system (see below) where « 
brings to the generation of more active ribozymes in an amphficatory 
25 manner (the ribozymes themselves or a product of their catalytic actmty. 
e.g. a free label is then detected at the final stage of the assay). 

h»ct.v. riboxym. - a potentially catalytically active ribozyme which 
cannot exert its catalytic activity (cleavage, splicing, ligation, etc.) untu it 



20 
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h. been modified, or until the conditions in the medium have not been 
amended to such in which it becomes active. 

Activation - rendering an inactive ribozyme cataiytically active by some 
5 tod of catalytic action (cleavage, splicing, ligation, addition of groups. 
re*xangement), or by change of external conditions (such as addition of 
magnesium ions). 

Inhibitory moiety - » moiety which may at times be present in the second 
10 complex molecule (see below) and which when present renders the 
initiation ribozyme inactive. The inhibitory effect of the inhibitory moiety 
c« be terminated by its modification or removal from the complex 
molecule. 

15 Complex molecule - a molecule which forms part of the detection system 
in accordance with an embodiment of the invention referred to herein as the 
"activation embodiment". In one mode of carrying out the activation 
embodiment, a "first complex molecule" is being used, which comprises an 
initiation ribozyme which is a priori, cataiytically inactive (for example, due 

20 to lack of magnasium ions in the medium) linked to a sequence capable of 
being cleaved by an active initiation ribozyme and comprising in addition 
a recognition biomolecule (see below). In another mode of carrying out 
the activation embodiment, a "second complex molecule' is being used, 
which comprises an initiation ribozyme which is a priori, cataiytically 
25 inactive and is linked to - sequence capable of being cleaved by an active 
initiation ribozyme and comprising in addition a recognition biomolecule 
(see below). The second complex molecule further comprises an inhibitory 
moiety. 
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Ration bion.Ol.cule - a molecule capable of specifically recognutng 
and binding to the assayed biomolecule. Where the assayed biomolccnlc » 
« oligonucleotide ^ «he recognition biomolecule i, the complemen- 
tary sequence. Where the assayed biomolecule is a member of a recognition 
5 p* (such as antigen-antibody) the recognition biomolecule is the other 
member of the pair. 

Tint oligonucleotide - an oligonucleotide, typically a DNA molecule, 
which comprises from 3'-5': a double-stranded functional promote, a 
10 single-atr^ded sequence that codes for a sequence commentary to the 
sequence of the initiation ribozymes. a single-stranded sequence .denUcal 
(with the necessaxy U-T replacements) with an RNA sequence capable of 
being cleaved by a catalytically active initiation ribozyme, and a smgle 
^ded sequence complementary to the 5'-part of the oligonucleotide 
15 sequence to be detected. 

S««md oligonucleotide - an oligonucleoUde. typically a DNA molecule, 
which comprises from 3-5': a single-stranded 3'- part complementary 
to the oligonucleotide sequence to be detected, and a trigger^ oligonu- 
20 cleotide template (see below). 

Triggering oligonucleotide template - an oligonucleotide sequence which 
to part of the second oligonucleotide, the transcription product of wmch » 
capable of hybridizing with the back promoter construct (see below). 

^ Triggering oligonucleotide aequenc. - the transcriptional product of the 
triggering oligonucleotide template, capable of hybridizing with the back 
promoter construct (see below) and after the back promotox has been 
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completed, can bring to transcription of an oligonucleotide sequence to 
which it is attached. 

Non-te-pUite strwd oUgonudeottde - the transcription product of the 
5 oligonucleotide hybrid obuined by hybridization of the assayed nucleic acad 
.cquence, the fir* oligonucleotide and the second oligonucleotide, and which 
coapri.es from 3'-5': » triggering oligonucleotide sequence, . sequence 
complementary to the assayed biomolecule, a sequence complementary to a 
seance which can be cleaved by the initiation ribozyme. and a sequence 
10 complementary to the initiation ribozyme. 

Brdc promoter construct - a single-stranded promoter sequence attached 
to i .ingle-tended sequence capable of hybridizing with the triggermg 
oligonucleotide sequence. After hybridization with the triggering ohgonu- 
15 deotide sequence, and upon action of a suitable DNA polymery a 
fnnctioiul double-stranded promoter is created, which in the presence of a 
transcription system (see below) is capable of producing the final 
oligonucleotide transcript (sec below). 

20 Final oligonucleotide transcript - the transcriptional product of the 
oligonucleotide hybrids obtained following hybridization of the back 
promoter construct, non-template strand oligonucleotide (after the promoter 
ha. been completed by a suitable DNA polymerase to a double-stranded 
functional promoter), and comprise, from 5'-3»: « initiation ribozyme 
25 sequence, a sequence capable of being cleaved by said initiation nboryme. 
a sequence that codes for the complement of the detected sequence on the 
.^yed biomolecule. and a sequence that codes for the complement of the 
triggering oligonucleotide template. The initiation ribozyme in «d foul 
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oligonucleotide transcript can cleave its adjacent sequence thus freeing itself 
and yielding a free, fully active initiation ribozyme. 

Third oligonudebtlde sequence - a nucleic acid sequence complementary 
5 to the 5' -part of the aequence to be detected in the asaayed biomolecule. 

Third composite molecule - a molecule used in the "assembly embodi- 
ment" of the invention, and which comprises the third oligonucleotide 
sequence linked to part of the initiation ribozyme. It optionally also 
ID comprises a sequence deavable by an active initiation ribozyme. 

Fourth oligonucleotide sequence - an oligonucleotide sequence comple- 
mentary to the 3'-part of the sequence to be detected in the assayed 
biomolecule, 

15 

Fourth composite molecule - a molecule used in the "assembly embodi- 
ment" of the invention which comprises the fourth oligonucleotide sequence 
linked to part of the initiation ribozyme required to complete the part present 
in the third composite to obtain a complete catalytically active ribozyme. 
20 It optionally also comprises a sequence cleavable by an active initiation 
ribozyme. 

Catalytic system - An ensemble of molecules and reaction mixtures which 
in the presence of a catalytically active initiation ribozyme produces a 
25 detectable signal. This ensemble of molecules comprises a combination of 
composite molecules comprising a ribozyme which is a priori inactive. By 
one embodiment, the catalytic system comprises reagents and a combination 
of a first composite molecule and a second composite molecule (see below), 
comprising a first and second ribozyme (inactive), respectively. The first 
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and second ribozymes are a priori inactive and either or both can be 
activated by a cata.ytic.lly active initiation ribozyme. Active fir* ribozyme 
mBy activate inactive second ribozyme monies, and active second 
ribozyme. may activate inactive first ribozyme to cause amplification of the 
5 number of active ribozyme, in a positive feedback manner. Alternately, 
the first and second ribozymes may be immobilized or spatially separated 
from each other and cleavage of one or both by the initiation ribozyme 
causes their release to the medium. Released, free ribozymes can free 
immobilized second ribozymes (for example by deavage) and free second 
10 ribozymes can in ton, release and free first ribozyme. thus giving to self 
amplifying reaction cascade which rapidly yields an amplification m the 
number of active ribozymes in a positive feedback manner. 

The catalytic system may also comprise in accordance with 
another emboidment. only one apecie, of composite molecules which are 
15 immobilized or spatially separated from each other in the reactron ve*el or 
which are a prion inactive. An initiation ribozyme activates the inactive 
ribozyme or releases the ribozyme from the composite molecule and active 
or released ribozymes then act to respectively activate inactive or free 
mobilized other ribozymes, then giving rise to a self amplifying react** 
20 cascade which rapidly yields an amplication in the number of acfve 
ribozymes in a positive feedback manner. 

As a result of ribozyme activation or release, a detecuble signal 
is produced which signal is indicative to the presence of the initiate 
ribozyme in the medium. 

25 Fir* composite molecule - comprises a first ribozyme (see below), 
optionally labelled, linked to second nucteic add sequence (see below). 
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Second composite molecule - comprises a second ribozyme (see below), 
optionally labelled, linked to a first nucleic acid sequence (see below). 

First nucleic Kid sequence - an oligonucleotide sequence which is part of 
the lecond composite molecule and which is a target for the catalytic 
activity of the first ribozyme (see below). Following the catalytic activity 
of the first ribozyme on the first nucleic acid sequence, the second ribozyme 
(see below) is either released into the medium or becomes catalytically 
active- 



Second nucleic acid sequence - an oligonucleotide sequence which is part 
of the first composite molecule and which is a target for the catalytic 
activity of the second ribozyme (see below). Following the catalytic activity 
of the second ribozyme on the second nucleic acid sequence, the first 
15 ribozyme (see below) is either released into the medium or becomes 
catalytically active. 

First ribozyme - part of the first composite molecule - is capable of 
cleaving the first nucleic acid sequence and is identical in its catalytic 
20 activity to the initiation ribozyme. It is optionally labelled. 

Second ribozyme - part of the second composite molecule - is capable of 
cleaving the second nucleic acid sequence and is optionally labelled. 

25 Third ribozyme - a ribozyme which may form part D f the catalytic system 
in accordance with another embodiment thereof. The third ribozymes are 
initially inactive. Initiation ribozyme acts to activate the third ribozyme by 
exerting its catalytic activity thereon (in a manner to be explained below) 
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in the catalytic system. 

Inscription system - ensemble of oligonucleotide, nucleotide.. RNA 
po^cme and reagent, which, in the presence of an oligonuclconde 
template bring to the uanKription of an oligonucleotide txansenpt. 

ttmrth riboxvm. - a ribozyme which is part of the catalytic sy«cm in 
accordance with an embodiment thereof, and which once catalyticaUy actrve 
can ligate two parts of the fifth ribozyme (see below) to produce a 
caulytically active fifth ribozyme. The fourth ribozyme is composed of at 
least two components, which are initially separated, and which are ligated 
together by the fifth ribozyme (when catalytically active). Following such 
ligation, the fourth ribozyme becomes catalytically active. 

fifth ribozyme - a ribozyme which is part of the catalytic system 
prising the fourth ribozyme and which once catalytic^ active can 
ligate together two parts of the fourth ribozyme to produce a catalytically 
aetive fourth ribozyme. The fifth ribozyme is composed of at kt* two 
) components, which axe initially separated and which are ligated together by 
the fourth ribozyme. Following such ligation, the fifth ribozyme becomes 
catalytically active. 

Sixth ribozyme - a specific example of the third ribozyme wherein the 
!5 h-ctrve ribozyme caries an extra nucleic acid sequence, and is activated 
npon cleavage or aplicing-out (i.e. removal) of this sequence. 
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Seventh ribozymc - a ribozyme wherein the assayed nucleic acid sequence 
complete. a missing portion essential for its catalytic activity, and thus once 
combined with the assayed sequence it becomes catalytically active. 

5 SUMMARY OF THE INVENTION 

The present invention provides a ribozyme-bascd signal- 
amplification method which is relatively simple to perform, is rapid and 
inexpensive. Unlike hitherto available detection-amplification methods, the 
method of the invention is also suitable for a point-of-care (POQ testing. 
10 One advantage of the method of the invention is in that ribozymes 

are active under conditions found in the clinical environment, e.g. in 
bioligical fluids.. Furthermore, as will be shown further below, the signal- 
amplification method in accordance with the invention does not require the 
observance of specific conditions in order to ensure specificity (strict 
15 observance of conditions is a must in prior art signal-amplification 
methods). Additionally, ribozymes are functional in various sample 
preparation cocktails, e.g. 1 M Guanadine thiocyanate as well as in a 
saturated phenol preparation, which usually inhibits function of other 
detection-amplification systems. 
20 Ribozymes are composed of nucleic acid sequences and thus assay 

and probe sequences can be included in the ribozyme molecule. Further- 
more, it is possible to increase the specificity of the amplification process 
by engineering the ribozyme such that part of the assayed sequence itself is 
required for the ribozyme to exert its catalytic activity. 
25 A very powerful technique, termed in the art as "in vitro 

evolution" has been successfully applied to ribozymes to produce a 
ribozyme with various catalytic activities and specificities. By such 
techniques, a vast array of potential ribozymes are screened for activity. 
Those ribozymes that show activity are purified for further rounds of 
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selection and after repeated rounds only the most potent candidate* remain. 
In traditional amplification techniques, following a choice of the enzyme, the 
environment where the enzyme is to operate, i.e. the sample-comprising 
medium, has to be modified to allow proper activity of the enzyme. In the 
5 case of ribozymes, using in vitro evolution, it is possible to select a 
ribozyme which is highly active in a desired clinical (biological) medium, 
by performing the in vitro evolution in a selection medium which is 
identical in its composition to the clinical sample. 

The present invention provides a sensitive method for the 
10 detection of a cataytically active ribozyme (referred to herein as "initiation 
ribozyme^ in a medium. Detection of the presence of a catalytically active 
initiation ribozyme may be a goal by itself, although usually the catalytically 
active initiation ribozyme serves as reporter for the presence of other 
biomolecules in the test sample. Once a medium comprising an active 
15 initiation ribozyme is introduced into a catalytic system in accordance with 
the invention, there results a catalytic reaction cascade which gives rise to 
an exponential amplification in the number of active ribozymes. The 
catalytic system comprises ribozymes which are either inactive or spatially 
separated from one another such that they cannot exert their catalytic 
20 activity; the initiation ribozyme frees or activates ribozymes of the catalytic 
system which in turn free or activate respectively, further ribozymes of the 
system. The ribozymes either carry a detectable label or the catalytic 
activity causes generation of a detectable label, which then serves as an 
indication of the catalytic cascade which occurred in the system. 
25 According to embodiments of the present invnetion in which the 

ribozymes are initially immobilized, the presence of free ribozymes in the 
reaction medium may serve as a detectable signal by itself. In accordance 
with another embodiment, each active ribozyme is made to carry or produce 
a detectable label and these then serve as the detectable signal. 
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According to the method of the Invention there is very little false 
positive signal, i.e. low noise level; furthermore the method of the invention 
enables the detection of several biomoleculcs in a single away system. 

The present invention thus provides a method for detecting the 
5 presence of a catalytically active initiation ribozyme in a medium, compris- 
ing the steps of: 

(») providing a catalytic system comprising 

(aa) ribozymes which are a priori catalytically inactive or 
spatially confined such that they cannot exert their catalytic 
10 activity on their target; the target of the ribozymes being other 

ribozymes of the catalytic system, their catalytic activity on such 
other ribozymes causing either: 

(i) activation of inactive ribozymes, 

(ii) release of spatially confined ribozymes to allow them 
15 to reach their targets; 

at leaat some of the ribozymes of the catalytic system being a target of 
the catalytic activity of the initiation ribozyme, the catalytic activity of the 
initiation ribozyme on said some of the ribozymes being that of (i) or (ii) 
above; and comprising 
20 (ab) a detectable label having detectable properties such that the 

catalytic activity of the ribozymes causes a change in the 
detectable properties; 

(b) contacting the medium with said catalytic system; 
25 (c) providing conditions permitting said catalytically active initiation 

ribozyme and catalytically active ribozymes of the catalytic system to exert 
their catalytic activity, whereby the presence of a catalytically active 
initiation ribozyme gives rise to a reaction cascade in which ribozymes of 
the catalytic system are activated or freed into the medium; and 
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(d) detecting said detectable properties, a change in said properties 
being an indication of the presence of an active initiation ribozyme in .aid 

medium. 

The prime utility of the ribozyme detection method of the 
5 invention, is within the framework of an assay designed to detect the 
presence of a biomolecule such as. a specific nucleic acid sequence, a 
member of a binding couple such as antibody-antigen, sugai-lectin. etc, in 
a biological <*mple. Such an assay may conceptually be thought of as 
comprising two distinct components (although these components may be 
10 included physically together in a single reaction vessel): a detection system 
and a catalytic system. In such an assay, the presence of the assayed 
biomolecule brings to the production, in a manner to be described further 
below, of a catalytically active initiation ribozyme in the medium. The 
catalytically active initiation ribozyme then acts as a reporter molecule in the 
15 catalytic system, giving rise, following a reaction cascade which amplifies 
the number of active ribozymes, to the appe^ance of a detectable label n 
the reaction medium as generally described above. The appearance of such 
a detectable label in the medium of the catalytic system thus indicates the 
presence of the assayed biomolecule in the original assayed biological 
20 sample. 

DETAILED DESCRIPTION OF THE INVENTION 

In accordance with the invention, novel use is made of ribozymes. 
In the most generalized sense, a catalytic system comprising ribozymes is 
25 used for the detection of the presence of a catalytically active initiation 
ribozyme in an assayed medium. Detection of the presence of a catalytically 
active initiation ribozyme in an assayed medium may be a goal by itself, for 
example, in the process of preparation of ribozymes by in vitro evolution. 
I» addition, in accordance with a preferred embodiment of the invention, the 
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biological sample may ^ 

The ribozymes used in accordance with 
• , <• WRNA AttimeitiapoMiblerisotoreplMxwmeof 
; comprised entirely of JWA. At urn *~ ^eottdea 

i ♦ ^« (»rNTPs' r ) in the RNA whd ow*; 

5-0-rnethyl nucleotides. Such replacement >. at umcs desired, ro F 
^-u-m^u*7 -dxia.ca which arc present in almost 

it is understood that the terra "nbozymt means to 
tune, it is unoersio ^nucleotides 
nucleotides composed entirely of rNTPs or cataiyu _ 

„f tht rNTPs have been replaced by dNTPs or owex 
where* some of the rNTPs entirely composed of DNA (Breaker 

15 nucleotides. The ribozyme may also be entirely compo 
er ai, CHenistry orui Biolo„. l(4).223-9, !994). 

The ribozyme, of the invention may comprise of nucleic ad 
1 ^nl^xed with a non-nucleic acid molecule 

20 The non-nucleic acid moiety compw* 

° ngon „ . „„, nmturg iiv occurring nucleotide*, 

with dNTPs or other naturally and non-naturaliy occur™* 

xne pre^ ft ^lyrically active 

the detection of the presence in a tested ineaium 
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initiation ribozymc. By "catalytically active", it is meant that a ribozyme 
is capable of carrying out a catalytic reaction such aa cleavage, splicing, 
ligation, addition of specific groups such as phosphate to molecules, 
rearrangement of nucleic acid sequences and the like. 
5 The catalytic system in accordance with one embodiment for 

carrying out the invention comprises two species of ribozymes which are a 
priori inactive, but become catalytically active as a result of the exertion of 
a catalytic activity thereon. For example, each ribozyme may have a nick 
or break in a portion essential for its activity and prior ligation of this nick 
10 or break ia thus required for its activation. The catalytic system in this case 
comprises two species of ribozymes, each species a priori broken into two 
components and thus initially inactive. An active ribozymc of one species 
is capable of ligating the two components of the second species of ribozyme 
thus rendering it active, and an active ribozyme of the second species of 
15 ribozyme is capable of ligating the two components of the first species of 
ribozymes, thereby rendering it active. Then the activation proceeds by 
cross-ligation in a positive feedback amplificatory manner. 

The first active ribozyme of one species may be produced by the 
initiation ribozyme which is a product of the detection system, in one of two 
20 routes. According to one route, some of the ribozymes of the first species 
are a priori fully assembled but cannot ligate the parts of the second species 
of ribozyme. since they are spatially separated therefrom, for example, as a 
result of being immobilized by means of a porous membrane, etc. The 
initiation ribozyme cleaves the molecules of the immobilized fully assembled 
25 first species of ribozyme, and the free first species of ribozyme then ligates 
the second species of ribozymes which can in turn ligate members of the 
first species of the ribozyme which are not, a priori, assembled and so on. 

According to the second route, the initiation ribozyme is itself a 
ligating ribozyme which ligates from its ptrts. st least one species of the two 
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ribozyme of the caulytic system, thus initiating the cross-ligation cascade. 
bW chaase there is no need to spatially separate various members of the 
caulytic system since until the initiation ribozyme is introduced to the 
reaction mixture no caulytic proceas can begin. 
5 Another example are ribozymes which have a redundant sequence 

which renders the ribozyme inactive and it thus needs to b= either cleaved 
or spliced-oot for the ribozyme'. activation. Further example are nbozyme. 
which require sequence rearrangement or addition of specific groups for 
tctivation. Yet another example arc ribozymes which require reverse exon 
10 splicing, i.e. addition of a sequence internal to the riboryme. 

One specie, of ribozymes when in the active form, may acttv.te 
inactive ribozymes of the second species and vice vena, as it possesses the 
catalytic properties Qigrion, cleavage, splicing, rearrangement, etc.) required 
to modify the other species of ribozyme from an inactive to an active form. 
15 The two ribozymes may potentially possess the same type of catalytic 
activity (e.g. both are ligating rizoymes or both cleaving ribozymes, etc.) or 
may possess different types of catalytic activities. 

One or both species of the a priori inactive ribozymes is activated 
by a catalytically active initiation ribozyme. Prior to introduction of the 
20 initiation ribozyme to the medium, the caulytic system is essentially silent 
as no catalytic activity takes place, la the presence of such an initiation 
ribozyme. a ribozyme amplification c-cade begins since each active 
ribozyme generates in turn more active ribozymes in a positive feedback 
manner. Active ribozymes give rise to a signal which «n be detected in a 
25 manner as described hereinbelow and such a signal is indicative to the 
preaence of the original catalytically active initiation ribozyme in the 
medium. 

The caulytic system in accordance with another embodiment for 
carrying out the invention comprises two species of composite molecules. 
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each comprising a ribozyme linked to a cleavable nucleic acid sequence. 
The ribozyme in one species of composite molecules is capable of cleavmg 
the nucleic acid sequence in the other species of composite molecules so that 
cross-cleavage between the two species of composite molecules is. in 
5 principle, possible, while self-cleavage is avoided. However, prior to 
introduction of the initiation ribozyme to the medium, cross-cleavage does 
not result since the two species of composite molecules are constructed so 
as to prevent mutual interaction between them, while cleaved ribozymra are 
able to interact with other composite molecules in the test vessel and further 
10 release ribozymes to the medium in a positive feedback manner. 

Prevention of mutual interaction can be done, for example, by 
immobilizing each species of composite molecules to opposite sides of the 
test vessels; by linking each species of the composite molecule to different 
beads or different colloid particles having properties. e.g. size or other 
15 properties, e.g. the same electric charge (which repels the beads from one 
another) which prevents any kind of interaction between molecules attached 
to one with molecules attached to another; by linking the composite 
molecules to moieties having the same electric charge, so that the electrical 
rejection between said moieties wOl prevent any interaction between the two 
20 composite molecules; by placing each species of composite molecules at 
opposite sides of a porous membrane which does not allow permeation 
therethrough of the full composite molecule, but allows free passage of 

cleaved ribozyme. 

A catalytically active initiation ribozyme, either present in the test 
25 medium a priori, or produced as a result of the presence of another 
biomolecule in a biological sample (such a ribozyme being in this case) ('a 
reporter ribozyme") is sble to cleave a specific nucleic acid present in one 
ox both species of composite molecules thus freeing the riboiymes of the 
catalytic system. The cleaved ribozymes are able to interact freely in the 
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^ vessel wift fte .ibexes from .be oftcr ^. - compos* 
^ e ,ofcompo>i..mol.«.es.ft»sc I e..ni,. ^.^ b l 

species of WW* b- — «* ^.T^ 

cTved »*. indie*, ft. P~~ - — >** "°° 
^m. in ft. .«c*>» — ■ »«- « nbozyme • • 

„poL riboiyme, ***** * • *- «*- - »— " " " 

10 .^y^biomolecnle in fte re^on mixture 

The ctrtytlc system m.y comprise, in accordance wrft otter 

.mbodimen, OB., one specie, of « ~ 

comco*. — » compri.i», . rife** mi • «* " 

deaved by ft. riboryme »be„ conv^ed into . free « «*. ■ *- 

of .be ribo^e is inactive until ft. «- 
milon ribozym. is inuoduced . «. medium: for — «*. -* »•»« 
molecule i. in ft. form of » closed-crtd. «bich m.y be opened by ctOT. 
o, splicin.-o„ of . s^Kh of nucleotide, by . -« 
20 .ilyme. Active (open) ribozyme, ft.» ^ - «*» — «* 
cioKd-circlenlolcwlwofftec.ulytic.yBem. 

to an analogous »« » •>»< *» ib «' *" "* 

anofter above second embodime... •* aingl. ^cie. of fte compos 
molecule may comprise . riboiyme positioned in an orient,** »W 
25 plants ».f-cle.v. S e of ft. X~> Oesvabl. nucleic «* sequence, for 
cLple. by rU| fte *,uenc krt* » *■ ■*-*«• 

The fact ft., ft— inters b— . fte - 

*. «,uence .MM* MM> «- ^ — 

sconce may *. have „ invert orionta-Joo. and «. cle...*. «■ «« 
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not be po»ibW. However. *«"- ^ ^« 

„ q lc in . correct — I- - «• ~ n, °" 

*JL . to tnedionv I. order - 7 

5 similarly as indicated above. 

Detect™ of lb. presence of activated ribcrymes in toe eatalyttc 

may -be various for*, depend* o» to -»pc of 

o, lb. nbt»,me. Wbere. for «-t*. * —* * « «* 

1*. b. - *. p- - * — «■»*— 

,0 o. ancb fceed M U ton . indication of to pre«n« * to 
active initiation ribozyrne in the medium. 

in some cases the activation of the ribozyrne brings to a change 

in to dislance ber.e.0 mo ^ .< * -* » 

region. « i«k* *» M '»" m « eme,,, • """ ! ™ ,t 

I5 out of . tapering region, or wherein ... UU> »*- »•»- - 
separated to ootpie by opening of a dosed circie. In such c« .1 . 
plbl. • attach a nnorescen. marker on one region of to ribozyrne and 
, tnolety. such as Rodamto which qnencbe. to Ugb, emiasion from to 
„_ ^ on to oto. ..gion =f to rib«yme. Rodannne has a 

20 q n^e«ec«.,toMgb.emi»onof.fl»ores«n..*elwbento W . 

„ .accent and no such eHec, when to two at. separa^ By*™ 
change in Ugb. Hussion of to fluorescent kM it l» poss*" » 
ae^nin. wtetor to two «*m are 9- *— f * ' «- °* 

. cb«d-cW. inacdve ribozyme) or separated (when to ribozyme has been 

25 opened and activated). 

The label may •>» be carried on a «*»«* whtch » not 
.^■d wilb to ribozyme and on wbicb to catalytaH, «*ve ribozyzn. 
^ «« ita activity. For Wh*. to bW »>Y * -md on 

. nucleic add sequence. which is cleaved or spliced-ou. as a reeuh of a 
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rifcaym* M wtocby .Ik 1*1 * «— » » *■ . ™» 

de,^. .U. to. such . c» ta on lb. p«»» of • «« » 

medium. 

The "p^s-pong" cross activation, whether by cross-cleavage. 

5 cross-Ugttion. cross-splicing, cross rearrangement or alternating cycle, of 
various catalytic actions, substantially amplifies the reaction resulung m a 
signal that indicating in a short time whether the initiation catalyucally 
active riboxyme was present in the medium. While prior art amplification- 
detection methods such as PCR or LCR require several hours to be 

10 complete, the amplification-detection method of the invention is completed 

in a much shorter time period. 

Where the catalytically active initiation ribozyme serves as a 
reporter ribozyme for the presence of other biomoleculea. a detection sy^em 
is required in which a catalytically active initiation ribozyme is generated 
15 only in the presence of the ..sayed biomolecule. This may be performed a 
of the following embodiments, referred to herein as the "action 
embodiment'; the "transcription embodiment", the "asembly embodi- 
ment", and the "completion embodiment''. 

According to the activation embodiment, the initiation (reporter) 
20 ribozyme is apriori inactive. This inactivity may be a result of the absence 
of magneaium ion., which are required for the ribzoyme-, catalytic activ,ty. 
from the medium; it may be a result of the presence of an inhibitory mo,ety 
in the medium; it may be a result of the presence in the medium of an 
oligonucleotide which hybridize, to sequence which is to be cleaved to 
25 either activate or free the ribozyme into the system, which cleavage » not 
possible as long as the sequence is double-stranded; etc. According to tk» 
embodiment, the ribozyme is linked to a recognition biomolecule which » 
capable of specifically recognizing and binding to the biomolecule which „ 
to be assayed in the sample. For example, where the assayed biomoleucle 
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. the rccoEnition biomolecule »» the comple- 

is an oligonucleotide sequence, the reeogiumi 

«,h«e the assayed biomolecule is an enzyme, the 
mcntary sequence; where the assay dbiomolecule 
recognitionbiomoleculemaybeasubstrate-, where the assayed 

Hn antigen, the recognition biomolecule may be an anybody whtch 
i loecifidlly iiuriou wilb the ultisw 

„ ««h *e ^ bio—. ^ — -"7* " ^ 

l0 ^ - - - - ^ ^ 

Ibr assayed biomolecules and then washing away free 
HZ* etc. After said separation, conditions axe changed so as to 
nbozym , mBgnes.um ions; 

Ti. tt^senpuoa OT bodin>en. ot Ik. i»v«,„o» cu be uutoo 
20 ,be„ *. «— i. • -* •* * ~ 

Li Applied No, 105804 * (p.) »»»^^ 

L«c2s N«. WO 940.01 > -» * 

*ppH^»u . The detection system of 

^ or * -v- -* - T^TJ^JL, lo Ibe 

molecule comprises upstream from the sequence 
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issayed biomolecule, a functional promote!, a sequence that codes for an 
initiation ribozyme sequence and a sequence that is capable of being cleaved 
by said detecting ribozyme (also essentially a DNA sequence). The second 
oligonucleotide molecule comprises, downstream from the complementary 
3 3'- part of the assayed sequence, a triggering oligonucleotide template, the 
transcriptional product of which is capable of triggering transcription of 
sequences of initiation ribozymes as will be explained in detail hereinafter. 

If the assayed biomolecule is not present in the test sample, then 
the triggering oligonucleotide sequence is not transcribed, since only 
10 presence of the assayed biomolecule brings together the two molecules 
required to produce the appropriate template of said triggering oligonucleo- 
tide sequence: namely the first oligonucleotide molecule carrying the 
functional promoter and the second oligonucleotide molecule carrying the 
triggering oligonucleotide template. If the assayed biomolecuJes are present, 
15 and in the presence of transcription system, the triggering sequence is 
produced and in turn is able to bring about production of transcripts 
containing initiation ribozyme linked to a sequence capable of being cleaved 
thereby. After self-cleavage, these transcripts release to the medium 
catalytically active initiation ribozyme. 
20 According to the assembly embodiment of the invention, also 

appropriate in cues where the assayed biomolecule is a nucleic acid 
sequence, the detection system comprises a third oligonucleotide, comprising 
a sequence complementary to the 5'- portion of the assayed nucleic acid 
sequence, and a fourthcr oligonucleotide comprising a sequence complemcn- 
25 tary to the remaining, V- portion of the assayed nucleic acid sequence. 
Each of these oligonucleotides comprises also ODe portion (for example, 
half) of a ribozyme and both parts together constitute a full, functionally 
active ribozyme. In accordance with this embodiment, the function of the 
aasayed nucleic acid sequence is to bring these two oligonucleotides 
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together, thus yielding a functionally active initiation ribozyme. Thus, in the 
presence of an assayed nucleic acid sequence in the sample, the functional 
initiation ribozyme will be generated which could then be detected in the 
catalytic system of the invention. 

In accordance with the completion embodiment of the invention, 
the detection system comprises a seventh oligonucleotide and the assayed 
sequence, complexes with the seventh oligonucleotide to yield a catalyticaily 
active initiation ribozyme. For example, the assayed sequence may form 
part of the catalytic core of the ribozyme. Thus, in accordance with this 
embodiment, the ribozyme is a priori incomplete, and only in the presence 
of the assayed sequence it becomes a complete, catalyticaily active ribozyme 
which may then be detected in the catalytic syBtem. 

The assayed sequence may complete the ribozyme by hybridizing 
at its 3'-end to a sequence on one side of the ribozyme's missing portion. 
15 and by hybridizing at its 5*-end to a sequence on the other side of the 
ribozyme's missing portion, thus bridging the missing portion and creating 
s functional initiation ribozyme. 

The assayed sequence may also be able to complete the 
ribozyme's missing portion by "reverse exon splicing, wherein the assayed 
20 sequence is inserted into the ribozyme through suitable cleavage and ligation 
reactions. Said "reverse exon splicing" may be carried out by other 
ribozymes present in the medium. 

In order to decrease the "noise" level of the method of the 
invention and decrease false positive results, it is possible to combine two 
25 or more embodiments of the invention to doubly ensure that no catalyticaily 
active initiation ribozymes are produced in the absence of assayed 
biomolccules. For example, it is possible to combine the assembly and 
activation embodiments of the invention, whereby catalyticaily active 
ribozyme* will De generated only as a result of two accumulative conditions: 
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assembly of a full ribozyme from its two parts in a magnesium-less mixture, 
and after washing away free incomplete ribozymes, activating of the full 
ribozyme by addition of magnesium ions. 

The ribozymes used in most embodiments of the detection system 
5 of the invention are in most cases universal, i.e. the same ribozyme can be 
used to detect different assayed biomolecules since the specificity is acquired 
by the attached recognition biomolecule (in the activation embodiment), or 
by the first and second oligonucleotide molecules (in the transcription 
embodiment) or by third and fourth oligonucleotide sequences (in the 
10 assembly embodiment). The fifth oligonucleotide in the case of the 
completion embodiment of the invention has to be tailor made for each 
specific nucleic acid to be assayed, since the sequence recognizing the 
assayed sequence is part of the ribozyme itself 

The present invention also provides reagents required for carrying 
15 out the above method as well as a kit comprising said reagents. 

In the following the invention will be described with reference to 
some non-limiting drawings and examples: 

In the drawings various symbols are used which in the context of 
the present invention have the following meanings: 

20 

Straight line ( ) - DNA strand 

W«vy line ( ) - RNA strand 

AJ3,C, ate - - sequences in the coding strand of a 

DNA 

25 A',B\C\ etc, - sequences in the complementary 

non-coding DNA strand 
m,b t c, etc- ~ - RNA sequences 

*\b'c\ etc - RNA sequences complementary to 

a,b,c 



WO 96/27026 



PCT/US96/023&0 



immobilization on a solid aupport 
detectable label 
inhibitory moiety - 



xmrrv DESCRIPTION OF THE DRAWINGS 

BRIEF DESCKiri J ^ tovcnlion 

Fit 1 shows an embodiment of the catalytic sy»« 

^ 2(.) «b> — • ~** to 

• «™. «r*cies of composite molecule 
embodiment of the invention compnamg one speae, P° 

, rroas-soUdng: wherein the nboiyme is in 

i 9 riivated bv cross-cleavage oi cross »pu«"» 

) activated by cr • nboryme requires 

the form of a closed circle (Fig- 2(a)), WDW 

splicing for becoming active (Fig. 2(b)); t.^K. 

mnm n in which composite molecules can be 
Fio. 3 shows various manners in wrucn 

opposite lidts of a porou. raemb»w; 
•20 bv addition of magnesium ions; 

^vttd by mod»»tfon of •» tahlMwy »>*W 

n» .bo.. . Mi ^— - -» *• 

25 embodiment of the invention; ^ ... h 

n* 7 ( .) »a 7(b, .bow • « — — w,h *" 
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where the opened stemp-H of the ribozyme hybrid*, with the ..sayed 

sequence (Fig. 00); 

Fig. 8 show, »„ example of the catalytic system of the mvennon 

comprising two specie, of ribozymes activated by cross-ligation; 

Rg 9 shows yet another example of the detection system accordmg 
to the activation embodiment of the invention wherein the ribozyme » 
activated by rendering the deavable sequence single stranded. 

Fig. 10 show, the cleavage result, of a detection aystcm comprising 
the stem-Il open ribozyme of Fig 7(b); 

Fig. 11 shows the cleavage results of a catalytic system comprising 
the closed-circle composite molecule of Fig. 2(b); and 

Fig. 12 shows the clc B v.ge results of ribozyme in the presence of 
untreated blood and denaturing agents. 

15 DESCRIPTION OF SPECIFIC EMBODIMENTS 

Catalytic system 

Reference is first msde to Fig. 1 showing one manner of 

constructing the catalytic system of the invention. The catalytic system 
comprise, two specie, of composite molecules 10 and 11- Compete 
20 molecule 10 comprises one type of labelled ribozyme which will be denoted 
ribozyme A (12) linked to an RNA sequence denoted b (13). Composite 
molecule 11 comprises another type of labelled ribozyme which will be 
denoted ribozyme B (14) and an RNA sequence a (IS). Ribozyme B » 
molecule 11 is capable of cleaving sequence b in molecule 10 and 
25 ribozyme A in molecule 10 is capable of cleaving sequence a » mole- 
cule 11. Initially molecules 10 and 11 arc not able to interact since each « 
immobilized to a distinct site of the reaction vend. Initiation ribozyme 16 
ii also capable of cleaving sequence b in molecule 10. 
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b i. —*» ri ^ me A °* " * 

2™. Free ribozym. * » * » » — ««* * — 

It ^on v^l . dee molcdc 10 . <elc»= .gain tm « 

^ * u ^ i* - <• • ~" 

Since both ribozyine A and B am »— . — - 
..pern.™, Ml— ft. - """ > " MSm 

,0 mi.***- ^ fo ^ te „ o£ ^.cui. 10 compri««, . 

ribozyine 12 of ,be ,ype b.mo,e,h..d «— - » 

letters: RNA) 

5'CCA c»g,»». »OCC GAAA GGCc »» .cGUg»c CGU AAA- 

Tbe following i. •> «"»P* <* U COnpli ™ g 

^ nb«,n,e M of *e iype »--»•< **» is enable of *~m 

,5 ^.ble 01 being *.veo b, nbozyme 12 of molecde «luch . *en 
Led «. 5— I b» «o* (C-Piu. M« r-o—*-* — 
letter*. RNA) 

5.-GAG ACQ c,.ng. gGCC GAAA GGCc ga. «AC g-c UGO AAA 

AW^gb ribotymes A and B arc refened to bs differ, 
ribozymes and fences . mi b a,. . a. differ ** 

tonbozymeaand^enceamaybeac^yidenta.. In such a case self- 
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cleavage in each molecule 10 or 11 is .voided by linking the ribozyme to 
to attached sequence in such a proximity which does not enable cleavage in 
cir. while free ribozymcs are able to cleave composite molecules in trans. 
This can be done by linking the ribozyme immediately adjacent to its 
5 potentially cleavable sequence. This is because the ribozyme should be 
spaced from its potentially cleavable sequence by several nucletoides for 
efficient cleavage to t*e place. Therefore, when the ribozyme m to 
composite molecule is linked directly with no spacing to fte cleavable 
sequence, there i, no possibility of cis cleaving and the sequence, can be 
10 cleaved only in trans while enabling only cleavage in trans. 

Reference is now made to Fib. 2(a) which shows another 
alternative where only one species of composite molecules is present in the 
reaction vessel. The catalytic system comprises a single specres of 
molecules 17', each comprising a ribozyme C (18') and a cleavable 
sequence C (19'). The molecule 17' is in the form of a closed circle and 
thus ribozyme 18' is initially inactive. 

If catalytically active iniation ribozyme 16* is present in the 
media, it is able to cleave the sequence C and open the ribozyme to become 
active. Open ribozyme 18' can in turn open, by cleavage, addiuonal 
20 composite molecule. 17' turning them active. Detection can be earned out 
by using a fluorescent label (F) and Rodamine CRd). When the two are 
adjacent a. in the closed molecule the light emission of the fluorescent label 
is quenched and when they are separated, as in the open molecule sequence, 
the light emission of the fluorescent label becomes stronger. 
25 Reference is now made to Fig. 2(b) which shows yet another 

alternative for the catalytic system comprising only a single species of 
composite molecule. Ribozyme 17' has in its core region an extra 
nucleotide sequence 18* which renders the ribozyme inactive. At the 
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:. . Mnekiu nam 19 which does no. »llow 
ttnniral of the extra Bcquence is > bloating group 

sponuneous ligwion of .he open end. 

riboxym. U . k. *. ■«»"1"> I 

t pUcing U c*»b.e of Mh Caving on, exu. .equence U *«tat 
, Lp 1, end .hen of Hgaung the free ends to give . *— nborynve 

«ta • »p1*cu«. of *• — • 

^corfte, «, one opno. (Option » i. -M «. « ««*- ' 

R . jw. b». in «. cue. initiliy .be Rodenune <W> to ft— 
» gronp (F) «e sep*..«d ^ on,, op» «*— - *• » *? 

Lie .d>cen, - <h.« — *-»- * 4 * q ° e "t? ^ 
emi.s.0.. According to toe second mode * —*» »*- 3 *■ ' PU ^ 
on. gronp comprising free e,U» «,»en« It »° » 

carries a detectable label. 
„ n,e«.v»»ge.of*emodeofFig.2(b)re5ide 5 .n»ver,lo» 

on*, «dve (no. in .he presence of an W nbozyn.) «• ^.aneon. 
Jnence, m»s. h.ppen sponuneon, e„.v.ge (.. . P«° 
to 10 mM MgO .. physiological pH and .. > *»!»»»» of 37-Q end 
20 sc^nec, .ig.no, C • probabMry of M'MO giving • vepr h- 
prob.bm.yrorH»nUM<weee O v. 1 ion(10»/n,n.). 

The label .ruched » either or both rlbo*yn>es A. B or C 
(Fig. 1) ma, be any de*=ub.e kM known to the m m* » • 
* t— . Ube, . enzyme which in toe presence o, > substrate . 

25 capable of producing a color reaction, etc 

Fig 3 shows various manner, in which the two composite 
molecules 10 and 11 of the firs, embodiment are portioned so a. to .void 
mutual interaction bu, allow interaction between free ribozymes 12 and 14 
»o composite molecules. It should be underwood that the same pnncples 
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.pply also to the other manner for construing the catalytic system of the 
invention. i.e. where only one species of compete molecule is present, 

represented in Pig- 2. 

In Fig. 3(A) molecules 10 and 11 are immobilized onto distinct 

and separate sites of the reaction vessel 18 while ribozymes 12 and 14 
diffuse freely in the reaction mixture. 

Fig. 3(B) shows molecules 10 and 11 which are immobilized 
onto beads 19 the aire of which prevents interaction between said molecules. 
However, free ribozyme 12 and 14 are able to diffuse freely in the reacuon 
mixture and interact with the composite immobilized molecules. 

Flg . 3(C) shows another example of separating composite 
molecule, wherein composite molecules 10 and 11 are attached to charged 
moieties bearing the same charge 37. The electrical rejection between the* 
attached moieties eliminates the possibility of interaction between 
molecule. 10 and 11. However, free ribozyme 12 and 14 which are 
essentially uncharged are able to interact with the composite molecule. 

Fig. 3(D) shows yet another example of separating the 
composite molecules 10 and 11 by placing them at opposite ends of a porous 
membrane 34 which serves as a sieve, blocking passage of large 
molecules 10 and 11 while allowing passage of the smaller free 

ribozymes 12 and 14. 

Another maimer for ensuring that the two composite 
molecule. 10 and 11 do not interact is by the use of blocker molecule, 
which axe complementary to a specific sequence rendering it double 
f stranded. According to this manner, composite molecule 10 comprises a 
blocker molecule which render, the deavable sequence b and part of the 
catalytic region of ribozyme A double stranded. In the partially double 
branded composite molecule 10. the ribozyme is not active due to the fact 
that its catalytic region is double stranded. Composite molecule 11 is 
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blocked in 8 similar manner. If initiation ribozyme is present in the reaction 
mixture, it displace, a part of the blocker molecule present on the composite 
molecule 10, and then the initiation molecule is able to cleave sequence b. 
Once sequence b is cleaved ribozyme A is also rendered active since the 
5 partially displaced blocker molecule completely falls off composite 
molecule 10 turning its catalytic region to become single stranded and 
wtive. Active ribozyme A then displaces the blocker molecule of composite 
molecule 11 in a aimUar manner as described above cleaving the deavable 
.equence a, turning Ribozyme B single stranded and active. Ribozyme B 
10 then activates composite molecule 10 in a similar manner to the activation 
of the initiation ribozyme described above, and cross activation of the two 
composite molecules can then proceed. 

Reference is now made to Fig. 8 which shows another 
alternative for constructing the catalytic system of the invention. The 
15 catalytic system comprises two species of ribozymes SO and 81 which are 
active when fully assembled but are inactive when separated to their parts 
80a, 80b and 81a, 81b, respectively. Full ribozyme 80 is capable of ligating 
ribozyme parts 81a and 81b to produce a full and active ribozyme 81. Full 
ribozyme 81 is capable of ligating ribozyme parts 80a and 80b to produce 
20 a full and active ribozyme 80. so that cross-activation proceeds by cross- 
ligatlon 

Initiation ribozyme 86 or 86* is capable of creating a full and 
active ribozyme 80 either by cleaving a full but immobilized ribozyme from 
a location wherein it is spatially separated from ribozyme parts 81a and 81b. 
25 for example, in one of the manners specified in Fig. 3 (Fig. 8 top left) or by 
being able to ligate parts 80a and 80b to form the full and active 
ribozyme 80 (Fig. 8 top right). 
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DETECTION SYSTEM 

Where the method of the invention is to be used to aid in the 
detection of biomolecule, other than ribozyme,, the invention includes also 
a detection system capable of producing caustically active initiate 
5 ribozyme only in the presence of the assayed molecule. 

Fig. 4 shows one example of the activation embodmienl of the 
invention. In this example, the assayed biomolecule is an immobilized 
nucleic acid sequence A (41) for example a DNA sequence. Immobile 
can be carried out in accordance with any method known in the art. for 
10 example, with the aid of a cross-linking agent or by trapping the assayed 
nucleic acid molecule between two porous membranes which penmt passage 
of smaller molecules. Where the assayed biomolecule is a protein it can be 
immobilized onto beads carrying appropriate trapping agents, such as 
suiUble immobilized antibodies, directed against regions which are not 
15 required for detection, etc. Alternatively, the assayed biomolecule can be 
immobilized onto a nitrocellulose sheet and another protein, such as 
albumin, should then be applied onto the nitrocellulose sheet in order to 
saturate all the aheets' va«nt locations and avoid, in the next step, non- 
specific absorption. 

• The detection system also comprises first complex molecule 42 

comprising ribozyme 43. linked to cleav.ble sequence C (44) capable of 
being cleaved by active ribozyme. and further comprises sequence (45) 
complementary to the assayed sequence A (41). Ribozyme 43 doe. not 
self-cleave since molecule 42 is kept in magnesium-less reaction mixture 
25 which eliminates the riboryme. caulytic activity. This can be done, for 
example, by keeping complex molecule 42 in a magnesium-less EDTA- 
containing reaction mixture. 



20 
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An example of ribozyme 43 linked to the cleavage sequence 
c' (44) of the type hammerhead (Capital letter: 2 '-0- methylated; small 
letters. RNA; over- and underlined; DNA) 

5 V ^CAACAGTGGAGGAAAGCC UACguc UGG UACGU CCA eugauga 
gGCC GAAA GGCc gaa acGUAGU AAA 

Molecules 41 and 42 are allowed to hybridize to give 
immobilized hybrid 46. Free molecules 42 arc washed away, and to the 
10 immobilized hybrid 46 are added magnesium ions in a concentration 
sufficient to activate ribozyme*. In the presence of such a concentration of 
magnesium ion ribozyme 43 is able to cleave sequence c', thus releasing 
itself to the reaction mixture while leaving immobilized cleaved hybrid 47. 
Free and catalytically active ribozyme 43 can serve as the initiation 
15 ribozyme in the catalytic system. 

Fig. 5 shows another example of the activation embodiment of 
the invention. Assayed biomolecule 51, which comprises nucleic acid 
sequence A, for example a DNA sequence is immobilized as described 
above. The detection system comprises a second complex molecule 52 
20 comprising ribozyme 53 linked to sequence c' (54) which can be cleaved 
by catalytically active ribozyme and sequence a' (55) complementary to 
sequence A in the assayed biomolecule. The complex molecule also 
comprises an inhibitory moiety 58 which, while present in its unmodified 
form, inhibits the catalytic activity of ribozyme 53. An example of an 
25 inhibitory molecule is a nucleic acid sequence complementary to pari of the 
ribozyme. In the presence of such a sequence, the ribozyme folds to an 
inactive three-dimensional form. 

Molecules 51 and 52 are allowed to hybridize to give 
immobilized hybrid 56, and free molecules 52 are washed away. To 
30 separate hybrid 56 are added modifying substances which are able to interact 
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with the inhibitory moiety 58 and modify it to an un-inhibiting fonn. For 
example, where the inhibitory moiety is a nucleic acid sequence which 
causes folding of the ribozyme, the modifying substance may be a sequence 
complementary to the inhibitory moiety, which hybridizes and blocks the 
inhibitory moiety, thus allowing the ribozyme to refold to its active form. 
Alternatively, the modifying substances may be substances able to remove 
or cleave the inhibitory moiety, thus terminating ita inhibitory action. 
Active ribozyme is then able to cleave sequence c , thus releasing itself 
from immobilized cleaved hybrid 57. Catalytically active free ribozyme 53 
then serves as the initiation ribozyme in the catalytic system. 

Reference is now made to Fig. 9 which shows another example 
of the activation embodiment of the invention. Molecule 91 comprises the 
sequence of the initiation ribozyme 90, attached to sequence c deavable by 
the ribozyme. and to sequence a and b which are capable of hybridizing 
15 with the assayed biomolecule being, for example the assayed DNA sequence 
of molecule 94. Molecule 91 further comprises blocker DNA sequence 92 
which comprises sequence B and C, capable of hybridizing to sequences b 
and c of molecule 91. respectively, to give a double-stranded structure. 
Blocker DNA sequence 92 is linked via linker sequence 93. The 
20 ribozyme 90 is not capsble of cleaving sequence c since its sequence region 
is double stranded (through hybridization to blocker sequence 92). 

The assayed molecule 94 is then introduced to the reaction 
mixture. If the assayed biomolecule is complementary to a and b of 
molecule 91, then blocker sequence 92 is displaced by the assayed mole- 
25 cule 94 to give hybrid molecule 95. In hybrid molecule 95, the deavable 
sequence c is single stranded enabling the ribozyme to cleave it and thus to 
be freed to the reaction mixture as a catalytically active ribozyme 96 which 
serves as the initiation ribozyme in the catalytic system. 
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According to this embodiment conditions such as temperature, 
the length of the part of the recognition biomolecule b which is double 
stranded, etc. must be chosen with care so that the assayed molecule is able 
to displace blocker molecule 92 essentially only if the assayed biomolecule 
5 sequences A and B are perfectly matched to recognition sequences a and b. 

Reference is now made to Fig. 6 which shows the transcription 
embodiment of the detection system of the invention appropriate where the 
biomolecule is s nucleic acid sequence. According to this specific 
embodiment a correct DNA template, which eventually brings to the 
10 transcription of initiation ribozyme, is assembled from its parts only in the 
presence of the assayed nucleic acid sequence. The detection system 
comprises a first oligonucleotide molecule 61, being essentially DNA* 
comprising from 3'— 5'; a double-stranded promoter, a sequence R coding 
for the complementary sequence of the initiation ribozyme, a sequence C 
15 coding for a sequence clesvable by a catalytically active ribozyme, and a 
sequence Dj complementary to the 5'-part of the assayed nucleic acid 
sequence. The detection system further comprises second oligonucleotide 
molecule 62, being essentially DNA comprising from 3'— 5': a sequence D, 
complementary to the 3 '-part of the assayed nucleic acid sequence and a 
20 triggering oligonucleotide template (TRIG). If. assayed nucleic acid se- 
quence 63 is present, and under appropriate hybridization conditions, 
sequence D, of molecule 61 and sequence D, of molecule 62 hybridize with 
sequences D/ and D,', respectively, of the assayed nucleic acid sequence 
to give hybrid 64. 

25 In the presence of transcription system non-template strand 

oligonucleotide 65 is produced, comprising from 3'— 5': triggering 
oligonucleotide sequence trig, d,' and d/ sequences, sequences C r\ 
complementary with those of the cleavable nucleic acid sequences and the 
initiation ribozyme, respectively. 
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To the reaction mixture arc added molecules of back promoter 
construct 66 comprising a single-stranded DNA promoter linked to a 
sequence capable of hybridizing with the oligonucleotide triggering sequence 
TRIG. Under appropriate conditions the back promotor construct 66 
5 hybridizes with molecule 65 to give hybrid 67. In the presence of a DNA 
polymerase the single-stranded promotor is completed to give a functional 
double-stranded promotor in hybrid 68. 

Hybrid 68 can serve, in the presence of transcription reagents, 
as a template for the production of final oligonucleotide transcript 69 
10 comprising from at its 5'-end: an initiation ribozyme sequence r and a 
cleavable sequence c capable of being cleaved by said ribozyme. 

The ribozyme r cleaves cleavable sequence c thus releasing 
itself to the surrounding medium in the form of free ribozyme 70. Free 
ribozyme 70 can serve as the catalytically active initiation ribozyme in the 
15 catalytic system. 

One mode of the assembly embodiment of the invention is 
shown in Fig. 7(a). The detection system comprises assayed 
biomolecule 71, comprising a nucleic acid sequence Aj A r In addition, the 
detection system comprises a part of a ribozyme 72, comprising oligonu- 
20 clcotide sequence *' t complementary to sequence A, and another part of a 
ribozyme 73 comprising oligonucleotide sequence a,' complementary to 
sequence A,. The parts of ribozyme 72 and 73 together constitute a 
complete ribozyme if the two parts are assembled. 

If assayed molecule 71 is present in the medium, it can 
25 hybridize to » 4 of ribozyme part - 72 and a, of ribozyme - part 73 bringing 
the two parts together to form functional ribozyme-assayed sequence hybrid 
76, which may serve bs an initiation ribozyme in a catalytic system, for 
example, by cleaving molecule 77, which cleavage may be required to 
initiate the amplification cascade in the catalytic system. 
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Another mode of the assembly mode of the invention is shown 

in Fij. 70>). 

Ribozyme 79 of the hammer-head type has been constructed 
in which Stem-n has been shortened to have only one complementary 
5 nucleotide (represented by one line in the Fig. 2b) and the remaining portion 
of the stem have been opened to give arms a and b- Ribozyme 79 is 
capable of hybridizing with sequence 70 to form Steins 1 and III and then 
perform the catalytic activity, for example, cleavage of sequence 70. 
However, a priori ribozyme 79 is incapable of cleaving the cleavable 
10 sequence 70 since its Stem-H is open and inactive. Anns a and b of the 
opened core have been constructed to be complementary to sequences A 
and B of the assayed sequence, for example. DNA sequence 80. 

In the presence of assayed DNA sequence 80, the arms a and b 
of the stem-IJ ribozyme 79 are hybridized to the assayed sequence to 
15 produce a fully double-stranded Stem-n and thus the ribozyme becomes 
catalytically active and can serve as an initiation ribozyme in a catalytic 
system where, for example, cleavable sequence 70 is part of an enzyme in 
the catalytic system which requires desvage for its activation. 

20 EXAMPLES 

Example 1: Detection of an -ssayed nucleic .cid sequence using a 
ribozyme with an open stem -II 

Ribozyme HH8 was dissected into two parts at the loop of 
25 steinp-H. Each of the two ribozyme halves of HH8 (HH8-3 and HH8 5) 
has a different additional 17 baies tail sequence complementary to the 
LAMTAR0 DNA target molecule. In the presence of the target, the two 
halves are brought together and form an active ribozyme. In the LAMTAR0 
target the two sequences complementary to the ribozyme halves are 
30 continuous, to the other LAMTAR molecules (LAMTAR1 through 
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LAMTAR4) the two sequence* are separated by 1 to 4 non-complementary 
bates respectively. The ribozyme substrate ia SB8-24 which contains the 
sequence recognized by HH8. 

5 (a) Method: 

1. Sequences; 

Oligodeoxyribonucleotides were synthesized on an Applied 
Biosystem 381A DNA synthesizer according to the manufacturer's recom- 
mended protocol- The Ampliscribe kit (Epicenter Technologies) was used 
10 for all RNA synthesis [a* P] UTP [3000Ci/mmol] was purchased from 
RoWm Industries Ltd.. Israel. 
DNA targets: 
LAMTAlU): 

15 LAMTAR1: ^ % , 

LAMTAlU: nr ^ A „ 

LAMTAR3: _ 

20 VQCT*^A(rrrr>crTC 3' 

t fjk. vrr ar 4 * 

^n^rr^qAr^ 3' 
Underlined ^ciomDlwneoury to riborym* h»lf; 
Bold-awi-eanpfrmciiUry itkJiikmtl i«qucnce. 



25 
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RNA transcripts; 



5B~24 (wbstatt for HHB): 
5'OGUCACAAUGUCGGUCCAGWCCA 3' 

30 HHS-3 {ribozyme l»lf): , 

cy^r^nrn TnATTnAnnnrGpGUGCAGGUGGAOJCG 3 # 

HH8-5 (ribozym* h*H): 
Undailined -cDmotonwmry 1o ttrpt. 



2. Preparation of RNA: 

DNA oligonucleotides were synthesized according to (1) above. 
The oligonucleotides were purified by electrophoresis on 15% polyacryl- 
amide 7M urea gel. UV-shadowed and eh) ted overnight at room temperature 
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„ o.5M T^a (pH-ro), a» as - « mM epta. m dna 

« precised -» 01 volume, o,3M .odium — - » — - 
.JLl. rLp— in . mM Tris-Q (PH-7.0, end 0.X mM BB» - 

-20-c una nem «•» 

fTAA TAC GAC TCA CTA TAG G> in 20 mM e.c» by incubus « M C 

^ A ., 70-c 60-C ire. 50'C, 4S-C 40"C 37'C for 

for 15 Kcoub »nd « T> c - 60 *" " . 

Tnu^re^»i^<50n»con»med 

2 m, of «M DNA. IX r«,c«on buffer. » - * 
ATP. CTP end GTP. 1 mM OTP, 25 mCi (.» PJ UTP and W mM H£> 
Tne .*» - — fo, . bx « 37-C and then fo, 5 « 80 C 

. debate to «n*yme. The KHA.— " 
Tnu«rip» ~ P-B- * —H™* on 15* poly.cr,l.m.de 'M 
ares gel. RNA wis looted by .uioradioj^pny and *»* " 
Bured RNA w. precipitated as d«=rib«d. tesurpended in MX TB and 
counted in ecinlilUtion flour CLume ISC). 

3, Ctesvage reaction; 

Reaction. (10 ml) were to 
, of 03 P-o! riboryme. 50 mM Tris-Cl fcfc-T* 1 "M <*TA frH-7-5)_ 
0.05* SDS and 30 mM MnO,. The sections were prri.cub.Bd .. 95 C 
„ a min in order to eliminate .»»*• RNA conformation, wt^ may 
Uve fonned during wn* * -VO The reution. w« m=»b.»d .. 37 C 
te , Hour nnd «0PP=d by .ddin, . dy. solution «M » M«- J- 
5 10mMEPTA»dp».onie«. Tta a»pl« were denatured ». BO C for 5 

min und ran on 15* polyaerylemide 7 M urea jel. 
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(b) Remits: 

The results of the polyacrylamide gel are shown in Fig. 10. 
Ribozyme without a target did not produce appreciable cleavage. When the 
target was added, enhanced cleavage resulted. The enhancement was 
5 greatest in LAMTAR4 Ribozymes tested. 

Example 2 Catalytic system comprised a closed-circle composite 
molecule 

10 The SLS-precursor ribozyme (Rz) is a circular Rz with 1 1 bp 

long stemp-II. The two recognition arms are connected in tandem with an 
extra cleavage base separating them. Therefore this robozime has no 
activity, but serves as a template for active ribozymes. Once it has been 
cleaved, the "open" ribozyme becomes active (as shown schematically in 

15 Fig. 2(b)). In order to initiate the catalytic system an initiation ribozyme 
must be present. Spontaneous cleavage of RNA occurs at a rate of 1 event 
per 10» molecules per minute in 30 mM MgCl, at 37*C. A circular 
ribozyme spontaneously cleaved at the cleavage site becomes active and is 
capable of serving as the trigger. 

20 

(a) Methods 

1. Sequences: 

Oligodeoxyribonucleotides were synthesized on an Applied 
Biosystem 381A DNA synthesizer according to the manufacturer s recom- 
25 mended protocol. The Ampliscribe kit (Epicenter Technologies) was used 
for all RNA synthesis [a» P] UTP [3000Ci/mmol) was purchased from 
Rotem Industries Ltd., Israel. 

The RNA precursor (SLS's) sequences were: 5' GOU CAG 
CAG UCG AA [Recognition arm I] X [Recognition .rm III] CUG AUG 
30 AGA CUG CUG ACC A 3' 



WO 96/2^026 



PCT7US96/02380 



- 44 - 




15 



Preparation of RNA 

Pre p,r,.io» of WA «. conduced as descibed . Ex™p* 



1 above. 



3 Spontaneous cleavage reaction- 

,v .„r™ a ,lv carried out in the presence of 
Reactions (KM) were normally cameo ou * 

5 pmol precursor nbozymc (SLS transcript ; 

20 preincubatec at 95 1 ,M , c ^ 

. v u ™»v have formed furing storage at -20 U in* 
conformations which may nsvc lormcu » . bv 

overnight and stopped by 

reactions were incubated at 37 <~ ior i u 

;r » — — - 8 °* c *" 5 

25 polyacrylamide 7 M urea gel- 



Ap ^ oi8 ~^Hbo^w- — forc^dc^ 
3q CHL« — » spo^Ce.v.e Udccnbcd *ov, A. 
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^ h Fig a one of the rhymes (#313) demonstrated a functioning 
X:^: — in action in . pos.tive — 

p .™»le UI Wboxyme inhibition by blood and vriou. m»*ri* 

All amplificauon techniques require a sample preparation step 
to , elc «e nucleic acids and eliminate inhibition of the — * « 
cedents. Several materials lUcc SDS, phenol and — 

.ample prep *ep to to be performed. Riboiynte actmty » lb. P^« <* 
Jc, with and without nucleic acid releasing agents, was teste, Both 
PJJA-only and modified ribozymes were exarroned. 

15 (») Method 

1 Oligonucleotides: 

n.o^bio^ofO-H^HospiuUMo^Scop.,^^^ 
20 T7 tt^oipUoB U (Ep>-»« Techno***) «» -* *» 

puchued from NEB. Beverly. Mi. 

inwcrc***- ribonucJeoUdei; 
30 jSSuEBSatf- ^xynbonuclroUdc*. 
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3 Labeling of modified ribozyme: 

50 pmole, of the ribozyme. 10 units of T4 Polynucleotide 
kinase and 20 &m ATP were incubated in IX reaction buffer in a total 
volume of 10 * at 25'C for 1 nr. The reaction was termmated by 
5 incubation at 60°C for 10 minutes. 

4. Preparation of RNA: 

HH8 template DNA oligonucleotide was purified by electro- 
phoresis on 15% polyacrylamide 7 M urea gel, UV-sbadowed ^nd iduted 
,0 overnight at room temperature in 0.5 M Tris-Q (pH-7.5). 0.1% SDS and 
0.1 mM EDTA. Eluted DNA was precipitated with 0.1 volume of 3 M 
sodium acetate and 3 volumes of ethanol, resided in 0.1 XTE (1 mM 
Tria-Cl pH-7.0 and 0.1 mM EDTA) and stored at -20'C until use. Punfied 
oUgonucleotide was annealed to complementary non-template T7 RNA 
15 polymerase promoter oligonucleotide 

20 each by incubating at 95'C for 15 seconds and at 70 C 60 C, 55 C. 
50-C 45-C. 40-C and 37-C for 5 min a. each temperature. Transcnpbon 
reaction mixture (50 „,) conuined 2 /*M of annealed DNA. IX 
buffer. 10 mM Dithiotbreitol, 2 mM ATP. CTP and OTP. 1 mM UTP. 25 
20 ma [a» PI UTP and 1.1 mM MgO, The mixture was incubated for 1 hr 
at 3T C and then for 5 minutes at 80'C to deactivate the enzyme. The RNA 
was precipitated as described. Transcripts were purified by electrophores,s 
on 15% polyacrylamide 7 M urea gel. RNA was located by autoradiography 
»d eluted « described. Elated RNA was precipitated as deaenbed, 
25 rcmpended in 0.1X TE and counted in scintillation flour (Luma LSC) 

3. Cleavage reaction: 

Reactions (10^1) were normally carried out in the presence of 
03 pmol modified ribozyme or HH8. 50 mM Tris-Q (pH-7.5). 1 mD 
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„ w Tutor 1 l u\ of whole blood or 
/ u i « 0 05% SDS and 30 mM MgCl 2 . i a* 1 " 4 
EDTA (pH-7.5), ^ „™ M t were added (See Fig. 

„ „ of — - - — rnr: * — 



7 M urea gel- 
(b) Results 



10 



15 



* . c L ftU ,„ ; n Fie 12. wherein 0.5 pmol or 

The results are shown in 

' „» ra „ u of nboxym* .ctiv.,, is m* » •*« » »• 

t,L.cd .tood de»^s ft. KNA p W =f «- *-»— 
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CLAIMS: 

A method for delecting the pteience of » cBUlyticilly ictive 

^ rtbo^-ne «. . «-*■*• «" * 

/ % «rnvidinE a catalytic system comprising 

JL< .uch * ft* «— — •« 

in .uch other ribozymes causing either: 

1 m activation of inactive ribozymes, 

CU) reiease of spatially confined ribozymes to allow 
them to reach their targets; 
., ^, „. of the d»— o« *. — 1* *~ ' "T 

the initiation ribozyme on sa»a some 

(ii) above; and comprising -M-rtfes such that 

(iW .detectable label having detectable propert.es su 

L caulytic activity of the ribozymes causes a change in the 

- n detectable properties; 

r ^ ™nvidma condit ons permitting saw 
(c) providing cowi H«,»m« of the catalytic system 

.,_ «.h catalvtically acttvenbozymesoimet^Mu? 
initiation ribozyme and catalytic^? ^ulytically active 

the catalytic system are activated properties 
(d) detectmgsaiddetectablepropert.es, ^ c " 5Wd > ^ 

„ n f »n active initiation ribozyme in saifl 
being an indication of the presence of an aenve mi 

medium. 
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.r(»v> » catalytic system comprising- 
(a) contacting the medrum *«* a J ^ 

, SXt and a second ribozyme, both b«ng. 

icily inactive; ^wtically active upon the 

. said first ribozyme becoming cata1yt>cal y 

. • ^vhv of said second ribozyme and sad seco 
catalytic acuity oi catalytic activity 

ribozyme becoming catalytic** «*" ^ *** 
ol M first ribozyme; become 

. at hut one of said first or sa,d seco 

ctalytically active also uponcaulyucacnvuyofsatd 

ribozyme; a 
. « least one of said first or s.d se 

label such that upon catalytic activity ot tn 



medium. 
20 3. 



(») 



25 



«co„i riborync of » tod cp fc 
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ncc cleavage of said first sequence release* 
nucleic acid sequence, cl«va^ 

at lcist one of wia iusi 

. Mid fii» comp»« »* 

the two composite molecules; 

. „ ^ o« of -* *- -* " , 0 *= 

- . detectable label, said label v^b 
tM * drt , „ . . cleaV8gc by the ribozyme corr- 
ection medium followmg cleavage y 

pri^d in the other composite molecule; 
wbi ch allow m^on of cleaved nbozyn- between 

— * ^ii^^- — ■ ° f ^ 

5 IC ) detecung the presence ^ 

label in the medium indicating the presence 

ribozyme in the medium- uprising the step of: 

.w«ri according to Clain 1. comp«»»« & 

w r*i*lvtic*lly inactive; 

,0 ^^^.aPT^^ J n inactive third 
- each molecule of ».d P q{ ^ 

ribozyme becomes active upon catalyse J 

« Jeules of caulytidly active third nbozymes. 
rooleciiles of ca y ^ bccotn01g 

25 by * ' , toW sveh that upon catalyuc 

said third nbozyme cames ^ 
rfv* of the other third ribozyme molecule* reo 
a change in the detecub»e properties of 5 ,d label. 



WO 96/27026 



PCT7US96/O2380 



- 51 - 



10 



(b) providing conditions suitable for said third ribozyme and Slid 
initiation riboryme lo exert tbeir catalytic activity; and 

( C ) detecting said detectable properties, a change in said properties 
being an indication of the presence of an active initiation ribozyme in said 
medium- 

5. A method according to Claim 1, comprising: 

(,) contacting the medium with a catalytic system comprising: 
a composite nucleic acid molecule, comprising a labelled 
ribozyme linked to a cleavable nucleic acid sequence in an 
orientation or at a location which prevents cleavage of said 
nucleic acid sequence by said riboryme while present in the 
composite molecule, said nucleic acid sequence being 
cleavable by said ribozyme when it is present in a free form, 
thereby releasing said labelled ribozyme from said composite 

15 molecule; 

said cleavable nucleic acid sequence being deavablc also by 

said initiation ribozyme; 

said composite molecules being separated from one another to 
avoid contact therein between. 

(b) providing conditions which enable ribozyme cleavage and 
which allow migration of cleaved ribozymes between said separated 
composite molecules; and 

(c) detecting the presence of released labels, presence of released 
label in the medium indicating the presence of the catalytically active 

25 ribozyme in the medium. 

6. A method according to Claim 4, for detecting the presence in 

a medium of a catalytically active ribozyme having the catalytic activity of 

cleavage comprising: 

(■) contacting the medium with a catalytic system comprising: 



20 
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a composite nucleic acid molecule comprising a ribozyme 
which has a cleavable nucleic acid sequence, said composite 
moJecule being in the form of a closed circle and said 
cleavable nucleic acid sequence being cleavable by the 
5 composite molecule in an open form; 

said cleavable nucleic acid sequence being cleavable also by 
the initiation ribozyme; 

said composite molecule carrying a detectable label which 
changes its detectable properties upon opening of the closed 
10 composite molecule; 

(b) providing conditions which enable ribozyme cleavage and 

migration; and 

(c) detecting for said detectable properties a change in said 
properties being an indication of the presence of catalytically active 

15 ribozyme in the medium. 

7. A method according to Claim 4, for detecting the presence in 

a medium of a catalytically active initiation ribozyme having the catalytic 

activity of splicing comprising: 

(•) contacting the medium with a catalytic system comprising: 
20 a sixth ribozyme having, in a region thereof essential for its 

catalytic activity, an extra nucleic acid sequence, said nucleic 
acid sequence renders the ribozyme inactive; 
splicing of said extra nucleic acid sequence renders the sixth 
ribozyme active; 

25 - said extra nucleic acid sequence is capable of being spliced 

from the composite molecule by said sixth catalytically active 
ribozyme; 

said extra nucleic acid sequence is also capable of being 
spliced by catalytically active detectable label; 
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said sixth ribozyme carrying a detectable label which changes 
its detectable properties upon splicing of the extra nucleic acid 
sequence. 

(b) providing conditions which allow ribozyme splicing; and 
5 (c) detecting said detectable properties a change in said properties 

being an indication of the presence of catalytically active ribozyme in the 
medium. 

8. A method according to Claim 3, wherein the first and second 

composite nucleic acid molecules are located on opposite sides of a porous 
10 membrane blocking their passage therethrough while enabling passage of 
first and second free ribozymes. 

9 # a method according to Claim 3, wherein the first and second 

composite nucleic acid molecules are immobilized on a substrate. 

10, A method according to Claim 5, wherein each composite 
15 molecule is immobilized on a substrate. 

11, A method according to Claim 9 or 10, wherein the substrate 
is a bead. 

12, A method according to Claim 3, wherein the fust and second 
composite nucleic acid molecules are linked lo moieties having the same 

20 electrical charges. 

13, A method according to Claim 5, wherein each composite 
molecule is linked to a charged moiety, all moieties in the xeaction mixture 
having the same charge. 

14, A method of detecting the presence of an assayed biomolecules 
25 in a test sample comprising the steps of: 

(a) contacting the sample with a detection system under conditions 
which enable pioduction of catalytically active initiation ribozyme essentially 
only if the assayed biomolecules are present in the sample; and 
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Cb) detecting the presence of the catalytically active initiation 
ribozyme according to the method of any one of Claims 1-5, the presence 
thereof indicating the presence of the assayed biomolecule in the sample. 
15. A method according to Claim 14, comprising: 

(>) providing a first complex molecule comprising: an initiation 
xibozyme under conditions wherein the ribozyme is catalytically inactive and 
. recognition biomolecule capable of specifically recognizing and binding 
said assayed biomoleculc; 

(b) contacting said first complex molecule with the test sample 
under conditions which allow binding between said recognition biomolecule 
and said assayed biomolecule while maintaining the conditions which render 
the ribozyme catalytically inactive; 

(c) removing unbound first complex molecules; 

(d) providing different conditions wherein the initiation ribozyme 

15 is rendered active; and 

(e) detecting the presence of the catalytically active initiation 
ribozyme according to the method of any one of Claims 1-5. the presence 
thereof indicating the presence of the assayed biomolecule in the sample. 
16. A method according to Claim 15, comprising: 

20 (») providing a first complex molecule comprising: an initiation 

ribozyme, under conditions wherein the ribozyme is catalytically inactive, 
and a recognition biomolecule capable of specifically recognizing and 
binding said assayed biomolecule, said ribozyme being linked to a citable 
nucleic acid sequence capable of being cleaved by a catalytically activated 

25 initiation ribozyme, wherein cleavage of said deavable sequence releasing 
catalytically active initiation ribozyme to the surrounding medium; 

(b) contacting said first complex molecule with the test sample 
under conditions which allow binding between said recognition biomolecule 
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and Mid assayed biomolecule while maintaining the conditions which render 
the ribozyme catalytically inactive; 

(c) removing unbound first complex molecules; 

(d) providing different condition* wherein the initiation ribozyme 
5 is rendered catalytically active to cause cleavage of said cleav.blc sequence 

and thus release the initiation ribozyme into the surrounding medium; and 

(e) detecting the presence of the catalytically active initiation 
ribozyme according to the method of any one of Claims 1-5. presence 
thereof, indicating the presence of the assayed biomoleculc in the sample. 

10 17> A method according to Claim 15, comprising: 

(.) providing a hybrid molecule comprising: an initiation ribozyme 
linked to a cleavable nucleic acid sequence which is capable, when single 
stranded, of being cleaved by the initiation ribozyme. cleavage of aaid 
cleavable sequence releasing catalytically active initiation ribozyme to the 

15 surrounding medium, the hybrid molecule further comprising a recognition 
biomolecule capable of specifically recognizing and binding said assayed 
biomoleculc. said cleavable sequence and a part of said recognition 
biomolecule being * priori, double stranded; 

(b) contacting said hybrid molecule with the test sample under 
20 conditions which allow displacement of one strand of the double stranded 

pan of the recognition biomolecule and the cleavable nucleic acid sequence 
by an essentially perfectly matched assayed biomoleculc; 

(c) providing conditions allowing for cleavage by catalytically 
active ribozymcs to cause cleavage of single stranded cleavable sequence. 

25 thereby releasing catalytically active initiation ribozyme into the surrounding 
medium; and 

(d) detecting the presence of the catalytically active initiation 
ribozyme according to the method of any one of Claims 1-5. presence 
thereof, indicating the presence of the assayed biomolecule in the sample. 



WO 96/27026 



PCTAJS96/02380 



- 56 - 



18. A method according to Claim 15, comprising: 

(») providing a second complex molecule comprising an initiation 
ribozyme and i recognition biomolecule capable of specifically recognizing 
and binding said assayed biomolecules. said ribozyme linked to a cleavable 

5 nucleic acid sequence capable of being cleaved by catalytically active 
initiation ribozyme, cleavage of said cleavable sequence releasing catalyti- 
cally active initiation ribozyme to the surrounding medium, aaid second 
complex molecule also comprising an inhibitory moiety capable of inhibiting 
the catalytic activity of said initiation ribozyme; 

10 (b) contacting said second complex molecule with the test sample 

under conditions which allow binding between said recognition molecule and 
said assayed biomolecule while maintaining the inhibitory moiety in its 

inhibiting form; 

(c) removing unbound second complex molecules; 
IS (d) modifying said inhibitory moiety in the bound second complex 

molecules so as to remove its inhibitory effect thereby causing cleavage of 
said cleavable sequence and releasing the initiation ribozyme into the 

surrounding medium; and 

(e) detecting the presence of the catalytically active initiation 
20 ribozyme according to the method of any one of Claims 1-5, presence 
thereof, indicating the presence of the assayed biomolecule in the sample. 

19. A method according to Claim 15, wherein the conditions in (a) 
are essentially lack of magnesium ions and step (d) comprises adding to the 
reaction medium magnesium ions in a concentration sufficient to render said 

25 initiation ribozyme catalytically active. 

20. A method according to Claim 14. wherein the assayed 
biomolecule ii a nucleic acid sequence and the method comprising the steps 
of: 

(•) contacting the sample with a detection system comprising: 
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a first oligonucleotide molecule having a double-stranded 
promoter. a single-stranded oligonucleotide sequence being 
essentially DNA which is essentially identical with the 
initiation ribozyme sequence; a single-stranded sequence 
5 being essentially DNA which is essentially identical with a 

deavablc sequence capable of being cleaved by a catalyiically 
active initiation ribozyme and a single-stranded sequence 
which is complementary to the 5 '-part of the assayed nucleic 
acid sequence; 

10 a second oligonucleotide molecule having a single-stranded 

sequence being complementary to the 3'-part of the assayed 
nucleic acid sequence and further comprises a single-stranded 
triggering oligonucleotide template which can be transcribed 
to give a triggering oligonucleotide sequence, said triggering 

15 oligonucleotide sequence capable, in the presence of a back 

promoter construct and DNA polymerase, to trigger a reaction 
in a transcription system wherein the sequence to which it is 
attached is transcribed; 

(b) providing conditions which allow the hybridization of said first 
20 and said second oligonucleotide molecule to the assayed nucleic acid 

sequence; 

(c) adding a transcription system, under conditions which allow 
transcription, whereby triggering oligonucleotide sequence is transcribed, 
said triggering oligonucleotide sequence, in the presence of a back promoter, 

25 DNA polymerase and transcription system and under conditions allowing 
hybridization, DNA polymerization and transcription, brings to transcription 
of a final oligonucleotide transcript comprising initiation ribozyme linked to 
a cleavable sequence capable of being cleaved by catalytically active 
initiation ribozyme; 
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(d) providing conditions which How cleavage of said cleavable 
„ by said catalytic^ active ribozymc to cause cleavage of 

sequence and thus release itself into the surroundmg med.um. and 

(e) detecting the presence of the catalytically active tnmatton 
5 ribozyme according to the method of any one of Claim, 1-5 prince 

hereof, indicating the presence of the assayed biomoleculc » the sam^ 
21 A method according to CUim 14. wherem the assayed 

molecule is a nucleic acid sequence and the method comprising the step. 

10 ° £ (•) incubating the test sample with a detection system comprising: 
_ a third composite molecule comprising a third single-stranded 
oligonucleotide sequence being complementary to the 5'-part 
of the assayed nucleic acid sequence, said third oligonucleotide 
sequence being Un*ed .o a part of the initiation ribozyme; 
a fourth composite molecule comprising a fourth single- 
stranded ohgonudeotide sequence being complementary to the 
remaining 3'-part of the assayed nucleic acid sequence, s«d 
fourth oligonucleotide sequence being linked to a part of the 
initiation ribozyme required to complete the ribozyme linked 
to the third oligonucleotide sequence id give a complete 



15 



20 



initiation ribozyme; 
(b, providing conditions allowin, hybridization of s.id third aid 
toort, .femMd. -q-— with the assayed m**> -M . 1 

„hich «Mbfc assembly «' ' W ■K 01 *"" trom "* 

« ,c) d t «ctint the »f 'he ctatyticuy .c.i.» to.t»«on 

ribeme accordin, to -he r».n,od of any on, of CW- 1-5. P~<- 
thereof, indictin, the presence o. the W« blomol~»>e . the «P>^ 
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a- in Claim 14. wherein the assayed 
A method accordtn* to Claim i*, 

-** *— s -- n : 

J ^d of *e — • «, * o* 

sequence; 

. N id riootyme being « priori inactive; 

o« s.id .*o « - • 

„ ^condi« OT ».»^^i^™->'^^ 

w rf^g * P«-* • ^ ^ 

ribM yme .cccding . «- "TJ^ biomolecn)e „ «. ^ 

X- ~» o. -id »** ~d ^ 

ing medium; 



WO 96/27026 



PCT/US96/02380 



* 60- 



«U> ribwmc, »id fifth riborymc be>.g of 
of a fourth liW 

fourth ribozymc; 

1 fM «h o-ofccic WW- »-*•«"»- 

of to fifth ,ibo iy n» . .void «—<» a-***"* 
* ^ o M o, ..id Mi « - «* *-»- """ S 
which change, tt *— » »-»«*• ^ 

(b) providing condMor, which en.b.e nboxymc dcvge 

• , ctoved full ton* ,te l "° 

which allow DiigrtllOK of the cleaved luu 

" JL. of .he o, said W— *-»- « 
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20 



being an 
medium- 



25 



„ AneU .od.cc 6 ^»a.i". 1 .'o'~ te ' ,rae, " ,, ' f 

^^o^^v.^^eh.vh.gU.^.of 

.he — - . -** 771, 

„„ pa«s of a fifth nho,,* which « ofM - 

liaattag pert, of • fo"«h rlboiyme; 

* p", of . fo^ nbo,y»e which are cp.h.. of ben* 
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fourth ribozyme; said fourth ribozyme being of a kind capable 
of ligating parts of the fifth ribozyme; 
either aaid two parts of the fifth ribozyme or said two parts of 
the fourth ribozyme arc capable of being ligated by a catalyti- 
5 caily active initiation ribozyme; 

at least one of said fourth or said fifth ribozyme carries labels 
which changes its detectable properties upon ligation; 

(b) providing conditions allowing ribozyme ligation; 

(c) detecting said detectable properties, a change in said properties 
10 being an indication of the presence of said initiation ribozyme in said 

medium. 

25. A kit for use in the method of any one of Claims 1 to 24. 
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